Abstract-To solve the problem of the high temperature of the power driver circuit of BLDCM(Brushless DC Motor) which causes by the tardy heat dissipation, the thermal numerical model was built. The simulation results indicate that the thermal field distribution of the three-phase bridge power driver circuit is relative to the power loss of IGBT(Insulated Gate Bipolar Translator), the distance between heater element and the velocity of air-cooled. By considering the effect factors, the changing curves of max-temperature points are obtained. The researches above could supply the theoretical foundation for optimizing the cooling system design of power driver circuit.
INTRODUCTION
For the superior characteristics of BLDCM, such as large power density, high efficient, it is widely applied to the flight control electrical servo system of aircraft, missiles and rockets. But for the restrict of its volume and weight, and with the large output power, the heat generated during the operation cannot be dissipated in time, which may give rise to the overheating damage and malfunction to the IGBT, and then the motor also cannot function well [1, 2] .
For the high-power IGBT, its temperature rise caused by power loss will increase when operating with high current, which can lead to the junction temperature rapid rise. The overheating is always the crucial factor for the characteristics of power device, the maximum output power and reliability, the device will be destroyed with the high junction temperature over allowable one [3] . The allowable junction temperature depends on two elements [4] : the self-calorific value of power device and the design of cooling system for power driver circuit, so it is necessary to analyze the heat generating characteristic of power driver circuit for BLDCM and simulate the thermal fields, which can make sure the maximum temperature of IBGT is always under the limit available temperature, then the reliable operation can be realized during the thermal environment.
II. THERMAL MECHANISM
The power driver circuit of BLDCM uses the three-phase bridge driver circuit which is consist of six IGBT, the basic structure is shown as Figure I .
In the power driver circuit of BLDCM, the tube core and fly-wheel diode(FWD) inside the IGBT work as high speed switch, and both of them exist the conduction power loss and switching power loss, which dissipate outside as heat [5, 6] . For the BLDCM of Y connection with two-phase On-Off, it can be divided into three-phase and six conditions, the formulas of power loss can be deduced as following: 
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So for the single IGBT chip, the total power loss is equal to:
In the process of thermal simulations, it can be considered as the boundary condition.
III. THERMAL MODEL AND SIMULATION FOR THREE-BRIDGE POWER DRIVER CIRCUIT

A. Computation Model
Supposing that there are six single rectangular IGBT chips, whose type is IRGPS4067DPbF, and the distance between the chips can be adjusted by the conditions of heat dissipation, so the geometry model can be obtained, which is the foundation of the numerical model.
To simplifying the computations, the convective heat transfer coefficient of IGBT chip is considered as the material only for the shell of IGBT chip, which is emerged in the air, and the facture components inner are ignored. The heat generate rate is as the input condition of IGBT heat dissipation, and the heat transfer between layers is neglected.
The size of single IGBT chip is 15.1mm×19.8mm, the surface acts as the heat source. The density of material is 2330kg/m³, the specific heat is 0.703kJ/kg•k, and the thermal conductivity is 191W/m•k. The material of top and bottom surface is steel, and the surface is not the heat source, only as convection heat to the surroundings. The side boundary left is the velocity inlet of forced air cooling, and the side boundary right is the free outflow boundary, the computation model is shown as Figure II . 
B. Governing Equations of Thermal Analysis
The governing equations of air-cooled are as follow:
The mass conservation equation is written as
The momentum conservation equation is written as
The energy conservation equation is written as
The turbulent model is standard k-ε, which is gained by solving by the equations of turbulence energy k and dissipation rating ε. The equations of k and ε are shown as,
where k G represents the generation of turbulent energy resulting from velocity gradient, b G is the generation of turbulent energy resulting from floating force, M Y represents the effect of total dissipating rate by compressed turbulent pulsating inflation.
The energy governing differential equation of thermal conductivity can be written as
where eff k is the effective thermal conductivity, the first three items on the right represent respectively the thermal conductivity, compositional diffusion and energy transfer causing by viscous diffusion.
The wall-equation is the near-wall model to solve the flow area which is affected by viscosity force. In the area of average velocity, the wall momentum equation is (y* y ) 1 Pr (Pr Pr ) U 2
where Pr is Prandtl number, Pr t is turbulent Prandtl number.
C. Results and Analysis
Assuming that the environment temperature is 25 , the ℃ distance between IGBT chips is L1，the distance from IGBT chips to the side wall is L2, the line distance between IGBT chips is L3，the distance from air inlet to IGBT chips is L4, then the design conditions are shown as Table I . By the Figure III and IV, it can be indicated that with increasing the thermal power of IGBT, under the condition of the same air cooling velocity, high temperature occurs on the large power conditions, but because of the air cooling effect, the temperature difference is not big, comparing with the condition of 15W and 100W, the maximum temperature difference is 18 . The highest temperature occurs in the ℃ leeside of IGBT, where the air cannot flow fluently and the effect of heat dissipation decreases. The Figure V and Figure VI show that comparing with the condition without air cooling, the cooling-air can decrease the working temperature of IGBT obviously. The temperature difference between no air cooling and 1m/s air velocity is 15 . With increasing the air velocity, the temperature varies ℃ obviously on the windward side, but when the velocity reaches to 0.1m/s and 0.5m/s, although the average temperature of latter is lower, the difference of maximum temperature is small. By Figure VII to Figure IX it can be indicated that the larger distance between IGBT chips is conducive for heat dissipation. The largest temperature difference between condition I and VIII is 21 . Because of the flow characteristic ℃ of air, the cooling effect of front-side is better than the behind. Yet when the distance between IGBT increases to a certain value, although the average temperature decrease, the variation of maximum temperature is not obviously. By the path line figure( Figure VIII) , it can be deduced that with increasing the distance, more gas flows into the gap, and there is some eddy flow, which can enforce the heat transfer. But in the last gap of the third IGBT, there is less gas flowing into, so the cooling effect is not good, and the maximum temperature occurs here. From the values in Table Ⅱ , it can be found that with the larger distance, the average temperature deceases obviously from left to right. Under the condition of smaller distance, the air flow is restricted, so the temperature keeps almost steady. And near the outlet boundary, the effect of cooling is also poor because the flow is forced by pressure and most of air flows through the outlet.
IV. CONCLUSIONS
According to the structure and working principle of IGBT, which is the component of three-phase bridge power driver circuit for BLDCM, the numerical thermal model is built. By the model, the heating environment can be simulated exactly. The conclusions can be obtained as following:
(1) The numerical model is built by the working principle of power driver circuit for BLDCM, and the heating power is also analyzed, so the model can be considered as the theoretical basis for optimizing the cooling design.
(2) The heating power, air cooling velocity and the overall arrangement of IGBT have great influence for the thermal field, which cannot be ignored in the process of optimizing design. With the larger heating power, the higher temperature can be gotten. When increasing the air velocity, the better heat dissipation can be obtained. And the larger distance between IGBT is helpful to decrease the temperature, which is obviously in the condition with larger distance.
(3) For the air-cooled system of one-side, the air can decrease the surface temperature effectively only for windward side, for the leeside, the effect of these crucial factors reduce. So in the course of optimizing the system, the two-side air cooling can be tried. But then for the mutual interference of the air flow from opposite directions, the location layout becomes the most critical factor.
